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THE RELATION OF HYPERSENSITIVITY TO
LOCALIZATION IN AND DISSEMINATION
OF STREPTOCOCCUS VIRIDANS FROM
INCISOR TEETH OF RABBITS.*
DAVID WEISBERGER
In the course of observations upon the relation of hypersen-
sitivity to localization of Streptococcus viridans, it was observed that
if the bacteria and normal horse serum are inoculated simultaneously,
the blood stream of the sensitized rabbit retains the bacteria for a
longer period than does that of the non-sensitized rabbit. A pre-
liminaryreport"4 ofthese experiments was published in 1932. They
have been confirmed by Clawson2 and by Burn, Chandler, and
Hartshorn' with the Streptococcus hemolyticus. This organism
may be recovered from both the blood and tissues of sensitized
rabbits for a significantly longer period than from similar sources
in normal rabbits.
It is proposed now to report these observations in more detail
and to show the relationship of this type of response to the localiza-
tion and dissemination of bacteria in the periapical tissues of rabbits'
incisors.
Methods
Healthy, well-nourished rabbits weighing from 2 to 4 kg. were used
for the experiments. Some were sensitized to normal horse serum, while
the remainder were used as controls. Sensitization was induced by means of
four intraperitoneal injections of normal horse serum given in 1 cc. quantities
at intervals of 4 days. A period of 3 to 4 weeks following the last injection
usually intervened before tests for the degree of hypersensitivity were made.
This test consisted of inoculating 0.1 cc. of 1: 10 dilution of normal horse
serum intradermally. In every instance a period of not less than 6 days was
allowed to intervene following this skin test before using the animals for
the final experiments.
The two strains of Streptococcus viridans used as test organisms were
obtained from the periapical areas of infected teeth, one from each of two
* From the Department of Pathology. A contribution from the Dental Study
Unit, Yale University School of Medicine. The data presented herein are derived
in part from a thesis presented to the Faculty of the School of Medicine in candidacy
for the degree of Doctor of Medicine.YALE JOURNAL OF BIOLOGY AND MEDICINE
individuals. These strains had similar morphological and cultural character-
istics, and grew diffusely in Savita broth at pH 7.6 within 24 hours at 370 C.
Growth on blood agar plates consisted of small, convex, smooth, gray
colonies. In deep blood agar plates the colonies formed a distinct narrow
green zone of the alpha type. Dextrose, maltose, lactose, and saccharose were
the only carbohydrates fermented. Both strains were bile-insoluble. Large
quantities inoculated intraperitoneally into white mice failed to cause death
within 10 days.
The strains were prepared for use in these experiments by suspending
in 2 cc. of sterile saline the growth obtained from 5 cc. of a broth culture that
had been incubated for 18 to 24 hours at 370 C. One cubic centimeter of this
suspension was used for a quantitative determination, by the pour-plate method,
of the approximate number of bacteria. The remaining 1 cc. of the sus-
pension was used for inoculating the rabbits. All of the intravenous injections
consisted of 1 cc. of the suspension, while only 0.1 cc. could be inoculated into
the root canals of the incisor teeth.
Rabbits were kept on their backs on the animal-board for the duration of
the experiment, which usually lasted from 6 to 8 hours. Light ether anes-
thesia was maintained. Frequent blood samples for cultures were removed
from the femoral vein. The suspension of organisms and a 1: 10 dilution
of normal horse serum were inoculated simultaneously into the ear veins of
sensitized and non-sensitized rabbits, except that several of the non-sensitized
rabbits received organisms but no horse serum. At intervals of Y2, 1, 2, 3,
6, 8, and 24 hours or longer, known quantities of blood were removed from
the femoral vein and inoculated into pour plates and into Savita broth.
From a few of the rabbits simultaneous cultures were taken from the femoral
and portal veins and the carotid artery. A few observations were made on
the distribution of the bacteria in the various organs of sensitized and non-
sensitized rabbits by making quantitative bacterial studies of the viscera.
One gram of tissue was removed, suspended and ground thoroughly in saline,
and, after appropriate dilution, pour plates were prepared.
The operative procedure for exposure of the pulp canal consisted of an
extra-oral approach to the mandibular incisors. An incision was made trans-
versely in the soft tissues in the suibmental region, and the overlying bone was
removed to expose the roots. The root canal was opened by means of a
tapered fissure dental drill. Slight bleeding was produced in the pulp canal
by means of gentle probing. Small quantities of either dilute horse serum
or the suspension of organism were slowly applied with a syringe to the
spongy tissue until a total of 0.1 to 0.2 cc. had been absorbed. It was
essential to avoid all but the lightest pressure on the plunger of the syringe
during these inoculations. An equivalent amount of saline was inoculated
into the adjacent central incisor tooth for control purposes. The opening into
the pulp canal was then sealed by means of gutta-percha root canal points
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and the overlying soft tissues were approximated by silk sutures and sealed with
sterile gauze and collodion. The animals in which bacteria had been sealed
in the root canal received the shock dose of horse serum intravenously from
24 to 72 hours later. Those with the herse serum in the root canal received
an intravenous injection of known quantities of bacteria within Y2 to 1 hour
after the operation. Blood cultures were taken from the femoral or jugular
veins in every instance.
The experiments were all terminated with careful postmortem examina-
tion, including cultures of heart blood, viscera, and the root canals of the
incisors. These were re-exposed through the previous operative site. His-
tological sections were made from all tissues that indicated gross change.
Results
As a preliminary test a series of normal rabbits were inoculated
with varying quantities of Streptococcus viridats in order to deter-
mine approximate dosage for the sensitized animals. Obviously,
quantities that cause prolonged bacteremia in non-sensitized rabbits
would not be satisfactory. The dosage sought was one that would
result in clearance of the blood stream of normal rabbits within
3 hours.
The results of the titration in normal rabbits are shown in
Table I.
TABLE I
Quantity of Bacteria Amount ,-Time in Hours---
No. cf per cc. ofNormal Maximum No. of Colonies per cc. of Blood
Rabbit (millions) HorseSerum j4 52 2 3 8 24 48 72
9 10 - 8 3 0 0 0 0 0 0
12 20 - 21 1 0 0 0 0 0 0
24 185 - 3 0 0 0 0 0 0 0
4 186 24 0 0 0 0 0 0 0
11 186 - 8 0 0 0 0 0 0 0
8 100 14 0 0 0 0 0 0 0
60 1 billion 439 7 3 3 3 65 675 oo
244 44 1 cc. (undil.) 15 1 0 0 0 0 0 0
17 33 I cc. (undil.) 38 2 0 0 0 0 0 0
When suspensions of Streptococcus viridans are inoculated in
quantities of less than 500 million per cubic centimeter the blood
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stream is free of bacteria within 2 hours. Even the simultaneous
injection of horse serum and organisms apparently does not alter
the rapidity of the clearing of the blood stream in normal rabbits.
Quantities greater than 500 million per cubic centimeter will estab-
lish a bacteremia in non-sensitized rabbits.
The influence of the hypersensitive response in prolonging the
bacteremia of sensitized rabbits is shown in Table II.
TABLE II
Quantity of Bacteria Amount , Time in Hours-- -
No. of per cc. of Normal Maximum No. of Colonies per cc. of Blood
Rabbit (millions) HorseSerum Y4 2 2 3 8 24 48 72
18 10 1 cc. (undil.) 600 23 - 6 20 12 0 0
14 30 " 400 7- 2 3 14 0 0
7 33 " 400 4 - 28 2 0 0
5 36 " 410 5 3 3 4 + + +
23 44 " 531 8 8 4 20 - -
6 100 " 600 16 12 12 16 2 0 0
22 200 " 453 13 16 6 44 133 16 0
4 560 18 3 0 3 87 - -
0 no growth - not cultured
In addition to the establishment of a prolonged bacteremia, sig-
nificantly higher numbers of bacteria per cubic centimeter were
found in the blood of these animals within the first 15 minutes
after the injection than is the case in non-sensitized rabbits. The
time of disappearance of the Streptococcus virLidans from the blood
stream varies from 12 to 72 hours, and only an occasional rabbit
will succumb to the infection.
Simultaneous blood cultures were procured from the carotid
artery and femoral and portal veins of a sensitized and a non-
sensitized rabbit. Thesedemonstrated prolongedbacteremiainboth
the arterial andvenous systems ofthesensitizedrabbit. Thenormal
rabbit showed a negative arterial and venous blood within 1 hour
following injection.
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Further evidence of the influence of hypersensitivity in retaining
bacteria within the tissues is shown in Table III.
TABLE III
Quantity of Bacteria Sensitized
No. of percc. or , -Actual Number Per 1 Gram of Tissue---
Rabbit (millions) Normal H. B Lung Liver Spleen R. Kid. L. Kid.
Sacrificed at 2 hours
50 42 S 3 500 15,000 62,000 40 3,900
52 46 S 6 2,000 44,000 55,000 1,000 50
51 38 N 0 0 1,500 42,000 100 500
53 65 N 0 115,000 9,000 24,000 0 50,000
Sacrificed at 12 hours
56 6 S 1 4,000 4,000 6,000 50 100
57 65 S 4 40 50 100 40 100
87 100 S 5 100 100 50 50,000 0
80 910 S 2 50 15,000 100 50 50
55 8 N 0 2,000 50 200 0 0
57 65 N 0 0 0 100 0 0
87 100 N 0 0 0 50 0 0
80 910 N 2 50 50 150 60 0
Sacrificed at 24 hours
40 153 S 0 0 5 89 65 0
41 153 N 0 0 0 6 0 0
0 = no growth. S = Sensitized. N = Non-sensitized.
Although the absolute figures in these observations are undoubt-
edly inaccurate-as the figures in these tables indicate trends only-
the tendency is clear. Experimentally, bacteria are recoverable for
a longer period from the tissues of sensitized rabbits that have
received a shock dose of horse serum than from those of non-sen-
sitized animals.
The following experiment, as shown in Table IV, demonstrates
that a bacteremia may be produced in highly sensitized animals
with very small quantities of horse serum, and a minimal amount
of Streptococcus viridans.
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TABLE IV
Quantity of Diution
No. of Bacteriapercc. of ,-T ime in Hours-
Rabbit (millions) Horse Serum Y4 1 3 8 12
7 55 1-10 400 3 3 28 21
8 41 1-1000 67 2 8 63 2
20A 87 1-100,000 52 4 3 2 2
20B 87 28 1 0 0 0
Factors influencing the bacteremia, such as variations in the
degree of sensitivity of the rabbits, various intensities of reaction to
horse serum as manifested by the skin response in sensitized animals,
and the presence of both acquired and natural immunity of rabbits
to the streptococcus require more detailed investigation.
Since the stimulation produced by the shocking dose of normal
horse serum induces a bacteremia in sensitized rabbits, experiments
were devised to determine the influence of this phenomenon on the
dissemination of Streptococcus viridans from a focus produced at
the apex of the rabbit's incisor tooth. The organisms were inserted
into the root canal of the lower incisor teeth. Frequent blood
cultures were taken from either the jugular or femoral vein in
order to determine the sterility of the blood stream before the inocu-
lation of the horse serum. Although small numbers of bacteria
were obtained from the blood within the first hour following the
operation, subsequent cultures, taken from 24 to 72 hours later,
remained free of growth. At this time, normal horse serum was
injected into the ear vein of the sensitized rabbits, and frequent
blood cultures were taken.
The results ofthe blood cultures obtained from sensitized rabbits
with foci of Streptococcus viridans produced at the apices of the
incisor teeth are given in Table V.
Seven out of 10 rabbits had positive blood cultures at some
time following the inoculation of the horse serum, while 3 normal
rabbits that had comparable quantities of bacteria injected into the
root canal failed to show any dissemination. The negative blood
and visceral cultures at postmortem suggest that only small quan-
tities pass from these foci. This is supported by the finding of
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TABLE V
Time Between Postmortem
No. of Quantity in Operation and ,-Time in Hours--- Time of Cultures
Rabbit Root Canal Horse Serum 1 3 5 24 48 72 Survival Focus H.B.
(hours) (hours)
4 46,000 (?) 48 0 + 0 - - + K144 + 0
2 3 million 48 0 0 0 - - 0 K96 + 0
77 5 " 72 0 0 0 - - 0 K96 + 0
78 5 " 72 0 0 0 -- 0 K96 + 0
1 84 " 48 +0+--- D72 + 0
3 120 " 48 + ---- D3 + +
112 130 " 24 0 + + T - - K72 + 0
113 130 " 24 0 - + + - - K72 + 0
90 200 " 48 0 + +± + - - K72 + 0
91 200 " 48 0 0 + + - - K72 + 0
0 = no growth. + positive growth. - not cultured.
K = killed. D = dead.
only positive broth and negative plate cultures of the blood sam-
ple. The only positive gross and histological finding at postmortem
was the presence of an acute mitral endocarditis in Rabbit No. 90.
The tissues of the remaining animals showed no evidence, either
grossly or histologically, of changes that were attributable to Strep-
tococcus viridans.
It was next attempted to produce localization of bacteria from
the blood stream to the periapical region of the teeth in sensitized
rabbits receiving normal horse serum through the root canal. This
localization could depend to a large extent upon the degree of
inflammatory response produced in the tissues and also upon the
quantity of bacteria inoculated into the blood stream. Therefore,
observations pertaining to the influence upon localization of the
dosage of bacteria and the importance of the response produced
by the horse serum and normal saline inserted into the root canals
of non-sensitized rabbits are given in the following table (Table
VI). The left root canal routinely received the normal horse serum
and the right root canal received sterile saline solution in all these
experiments.
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TABLE VI
Quantity of Time of,-PostmortemCultures.-.,
No. of Bacteria per cc. ,-Blood Cultures-.- Death Root Canl
Rabbit (millions) 1 3 5 24 48 72 (hours) Left Right H. B. Visc.
44 5 + 0 0 0 - - K96 0 0 0 0
58 5 + 0 0 0 - - K72 0 0 0 0
61 7 + 0 0 0 0 - K96 0 0 0 0
72 10 + + 0 0 0 - K72 0 0 0 0
48 30 + + 0 0 - - K96 0 0 0 0
59 56 + + + + - 0 K120 0 0 0 0
64 64 + + + 0 - 0 K120 0 0 0 0
65 90 + + + 0 - 0 K96 0 + + +
43 lOOmillion + + + + - 0 K120 + 0 0 0
42 to + + + - - K48 0 0 + +
41 + + + + + - D72 + 0 + +





- = not cultured.
Localization of the Streptococcus virndans occurs at the apices
of the teeth, whether inoculated previously with serum or saline,
when the quantity of bacteria inoculated into the blood stream is
sufficiently large. In order to determine localization in the sensi-
tized rabbits it is necessary, therefore, to use a bacterial suspension
of less than 100 million per cubic centimeter.
The results of a similar type of experiment in sensitized rab-
bits, using an appropriate quantity of organisms, are shown in Table
VII.
TABLE VII
Quantity of Time of ,-Postmortem Cultures-.-
No. of Bacteria per cc. ,-Blood Cultures--% Death Root Canal
Rabbit (millions) 1 3 5 24 48 72 (hours) Left Right H. B. Visc.
52 5 + 0 0 0 - - K48 + 0 0 0
56 5 + 0 + 0 -- - K72 + 0 0 0
60 7 + 0 0 0 0 - Kl20 0 0 0 0
72 10 + + 0 0 0 - K72 + 0 0 0
51 33 + + + + - 0 K120 + 0 0 0
55 48 + + + 0 0 - K120 + + 0 0
63 70 + + + + - 0 K1120 0 0 0 0
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The reaction produced around the apices of teeth of sensitized
rabbits by the horse serum is great enough to cause localization,
even though the quantities of bacteria employed are not sufficient
to localize in the injured tissues produced in the normal animals.
It is apparent from these observations that both the quantity and
the degree of tissue response determine localization of the Strepto-
coccus viridans from the blood stream.
Discussion
The results of these experiments demonstrate that rabbits pre-
viously sensitized to horse serum will develop and maintain a bac-
teremia for 24 to 72 hours, provided the shock dose of horse serum
and the bacteria are simultaneously inoculated into the veins of
the rabbits. On the other hand, similar inoculations of horse serum
and bacteria into non-sensitized rabbits produce a bacteremia for
only 1 to 2 hours. This apparent interference with the mechanism
for the removal of bacteria from the blood stream was demonstrable
also in the viscera of the sensitized rabbits. Since it is believed that
bacteria are normally removed from the blood by the cells of 1he
reticulo-endothelial system, it is suggested that the response of the
sensitized rabbits to horse serum is a manifestation of a temporary
impairment of the function of these cells.
The presence of a transient bacteremia from bacterial inflam-
matory foci after the intravenous inoculation of horse serum in sen-
sitized rabbits indicates an antagonistic influence on the fixation of
bacteria by inflammatory tissue. Gay and Morrison,5 Opie,10 and
Menkin' especially, have demonstrated retention of foreign parti-
cles and bacteria by acute inflammatory reactions. Menkin8 believes
that the thrombosed lymphatics and coagulated plasma in the tissue
space are important factors in preventing the spread of bacteria
from these sites. Gay and Clark4 have emphasized local cellular
immunity as manifested by the activity of the macrophages in the tis-
sues, and DuMortier3 has shown that the tissue response observed
in healing or organization is capable of preventing the dissemina-
tion of virulent bacteria. On the other hand, Rivers and Tillet"2
and Pacheco"' have shown the significance of specific antibodies
for retaining bacteria locally within the tissues. Whether the inten-
sified tissue reaction produced by the accumulation of horse serum
in inflammatory foci of sensitized animals, as shown to occur by
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Menkin,7 is sufficient to account for breakdown of any of these bar-
riers remains to be proved.
It is not difficult to understand the removal of Streptococcus
viridans from the blood by means of the local inflammatory reac-
tion produced in the sensitized tissues by the inoculation of horse
serum. Even a minimal tissue response elicited by normal horse
serum or saline in non-sensitized rabbits is capable of localizing
the bacteria, provided the initial intravenous injection is sufficiently
large. An excellent review covering the relation of the inflamma-
tory reaction to localization of bacteria and inert particles has
recently been published by Menkin7.
The role played by the hypersensitive phenomenon in the
pathogenesis of human dental disease is not known. It is conceiva-
ble, however, that the presence of bacteria at the apices of teeth
may be attributed partially to the localizing effect of the tissue
response caused by the introduction of foreign protein into sensitized
tissue by way of exposed dentine or pulp canal. Previous studies"3
have shown that it is possible to shock guinea-pigs with horse serum
through the exposed dentine of incisor teeth. Furthermore, the
significance of the generalized hypersensitive response in liberating
bacteria from dental foci in human dental disease is unknown.
Summary
1. When horse serum and bacteria are inoculated simulta-
neously into the venous system, Streptococcus viridans remains in
the blood stream of rabbits sensitized to horse serum for a longer
period than in non-sensitized rabbits.
2. The highly sensitized rabbits require only a small quantity
of horse serum to produce a persistent bacteremia following the
intravenous injection of Streptococcus viridans.
3. Visceral tissues of sensitized rabbits tend to retain bacteria
for a longer time than do the tissues of non-sensitized animals.
4. Dissemination of bacteria occurs from foci previously estab-
lished at the apices of incisor teeth after intravenous inoculation of
horse serum in sensitized rabbits.
5. The shocking dose of horse serum plays a role, both in
bringing about a bacteremia and also in freeing the bacteria from
the focus.
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6. The hypersensitive response established in the teeth of sen-
sitized rabbits brings about a localization of Streptococcus viridans
from the blood stream.
7. This localization of bacteria is dependent upon the num-
ber of organisms initially inoculated and upon the extent of inflam-
matory reaction in the tissues.
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